Background Despite the high prevalence of civilian gunshot injuries (GSIs) in the United States, no universally accepted classification currently exists. Recently, two of us (ZG, RWL) proposed a GSI classification based on energy transferred, vital structure damage, wound characteristics, fracture, and degree of contamination. This classification has not been validated in a clinical setting. Questions/purposes We determined the feasibility, internal consistency, and predictive accuracy of this classification. Methods We reviewed the medical records of 216 patients with 264 GSIs treated at a Level I trauma center. Feasibility was determined by the investigators' ability to retrospectively complete the classification system based on
patient information routinely collected in medical records. Internal consistency was determined using Cronbach's coefficient alpha. Predictive accuracy was constructed and interpreted in a receiver operating characteristic (ROC) curve using all the classification components to predict GSI severity. The clinical management/outcome (deceased, hospitalization versus nonadmission, and surgical versus nonsurgical treatment) was used as a proxy measure of GSI severity. Results We were able to apply the classification to 82% of charts we reviewed. The classification components appeared to be internally consistent (Cronbach's alpha was 0.69 and was increased to 0.78 after exclusion of contamination). Each component was associated with clinical management. GSI classified as high energy, worse vital structure, and high contamination had higher rates of surgery (84%, 84%, and 100%, respectively). The area under the ROC curve was 0.80, suggesting the classification can accurately describe GSI severity. Conclusions Our results suggest this new civilian GSI classification is statistically valid and has clinical merits warranting further investigation in the setting of a prospective trial. Level of Evidence Level IV, diagnostic study. See Instructions for Authors for a complete description of levels of evidence.
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Introduction
Gunshot injury (GSI) is a common problem in the United States, affecting more than 100,000 civilians annually [5, 6] . In several states, including Texas and Louisiana, firearm-related injuries exceed motor vehicle injuries as the primary cause of accident-related death [2, 4, 18] . Despite the high incidence of civilian GSIs in the United States and the increasing incidence of firearm injuries worldwide, a universally accepted GSI classification system has not been developed.
Developing a meaningful injury classification system is challenging. It should be comprehensive enough to include all relevant injury components and yet be simple if it is to gain universal acceptance. It must also identify a basic rationale by which an injury can be accurately described and categorized. Furthermore, it should demonstrate statistical merit characterized by adequate internal consistency and predictive accuracy. Depending on the extent to which these parameters are satisfied, a classification can be used to realize different objectives: it may facilitate communication, database development, and treatment and, most importantly, predict outcome. Because of the complexity and diversity of GSIs, developing a comprehensive yet readily applicable classification system becomes particularly difficult. The process must integrate clinical and statistical considerations, precisely define the classification objectives, and establish its efficacy.
Several recent attempts to classify civilian GSIs and/or determine their severity are limited in scope and do not comprehensively address the complexity and diversity of these injuries [3] . Murano et al. [21] suggested the Glasgow Coma Scale, Abbreviated Injury Scale, respiratory rate, and blood pressure are good predictors of outcome in civilians who sustain craniocerebral GSIs. Long et al. [19] proposed a grading system predicated on radiographic imaging, the wound's appearance, and its susceptibility to infection to establish injury severity and direct treatment in patients with civilian diaphyseal firearm injuries. Unfortunately, both of these classifications address only anatomically specific GSIs and are not applicable to all injuries.
The Gustilo-Anderson classification [16, 17] includes GSIs as a type of open fracture. The classification designates low-velocity GSIs as Type I injuries and highvelocity GSIs as Type III injuries, each type having suggested treatment approaches. However, the Gustilo-Anderson classification has been proved most useful in evaluating soft tissue injury and determining infection risk. The International Committee of the Red Cross has a comprehensive classification for military GSIs and missile injuries [9, 10] . However, military injuries differ greatly in their wounding potential, nature of the missiles and projectiles involved, and extent of treatment availability and, therefore, would not be applicable to the civilian experience [8, 14] .
Recently, two of us (ZG, RWL) [15] proposed a comprehensive civilian GSI classification system based on ballistic, clinical, and radiographic injury severity assessment. The fundamental components of this system are the energy transferred, vital structure damage, wound characteristics, fracture pattern, and degree of wound contamination (Table 1 ) [15] . Besides documenting the major parameters associated with civilian GSI severity, this classification system describes the nature and extent of the injury regardless of the anatomic site and determines the clinical significance of the injury by establishing parameters for surgical intervention.
In the context of a retrospective clinical study at a Level I trauma center, we determined (1) the ability of clinicians to apply this civilian GSI classification based on material available in clinical charts (feasibility), (2) the classification's internal consistency (the extent to which individual components were intercorrelated and their correlation with the overall scale score [1, 20] ), (3) the relationship of each classification component with clinical intervention (a proxy measure of GSI severity), and (4) the classification's overall predictive accuracy (the extent to which the scale measured the underlying concept of interest).
Patients and Methods
We performed a retrospective review of the medical records of all patients treated for a GSI between January 1, 2001, and June 1, 2006, at our Level I trauma center. We identified 408 patients with GSIs. Patients with BB or nail gun injuries (n = 110), patients with GSIs for whom initial treatment was provided elsewhere (n = 54), and patients who were pronounced dead on arrival (n = 28) were excluded. The study group consisted of 216 patients. Multiple injuries were present in 39 (18%) patients, resulting in a total of 264 GSIs in the series (27 had two GSIs, four had three GSIs, three had four GSIs, and one had five GSIs). Patient demographic data were collected from the medical records. Among the 216 patients, the male-female ratio was 9:1 ( Table 2 ). The mean patient age was 31 years; the most prevalent age was 23 years. The majority of the study subjects were 15 to 50 years old (81%), male (89%), and black (42%) or white (38%). The majority were admitted with (52%) or without (6%) receiving surgery. The Gugala-Lindsey civilian GSI classification system [15] was completed for each of the patients included in the study. The study was approved by our institutional review board.
The classification's feasibility was determined by the investigators' ability to complete the classification system retrospectively, using patient information documented in the medical records. A single investigator (SAB) collected and abstracted the data, followed by a collective (SAB, ZG, RWL) review of the data for completeness and accuracy. None of the investigators were involved in the treatment of the patients included in the study. While the medical record provided comprehensive information on the specific pathology and general patient demographics, ballistics data were not as readily available and often had to be determined circumstantially. In this classification, circumstantial information is used to determine whether the energy transferred component for a specific injury is confirmed or suspected [15] . We reviewed radiographic reports, images, trauma, and followup notes to identify missile trajectory, location, vital structure damage, presence of fracture, its type and location, and degree of wound contamination. Feasibility was calculated by comparing the number of cases that could be fully classified with the number of patients that met the inclusion criteria.
For statistical purposes, we applied a scoring system to each of the classification components (Table 1) , with higher scores representing higher severity/complexity. Energy had the score of 1 for low energy (LE) and 2 for high energy (HE); vital structure was scored from 0 to 3 for the classifications V-0 to V-3, respectively; wounds were scored from 1 to 3 for the classifications W-1 to W-3, respectively; and contamination was scored from 1 to 3 for the classifications C-1 to C-3, respectively. There were two items in the fracture component. Fracture a described whether there was no fracture (classification F-0), extraarticular fracture, or intraarticular fracture, with scores of 0, 1, and 2, respectively. Fracture b described the severity of extraarticular and intraarticular fractures, with scores of 1 to 4 for the classifications EF-1 to EF-4 and IF-1 to IF-4, respectively. We determined the classification's internal consistency using Cronbach's coefficient alpha [11, 12, 22 ]. Cronbach's alpha establishes the degree to which a set of items measures a single unidimensional construct. We used factor analysis to confirm our data met the assumption of single unidimensional construct. Higher alpha values indicate higher internal consistency of the classification components. We evaluated the relationship of each classification component with GSI severity by testing its association with the type of medical intervention/outcome (deceased, hospitalization versus nonadmission, and surgical versus nonsurgical treatment) as a proxy measure for GSI severity using chi-square statistics. The classification's predictive accuracy was evaluated using a logistic regression model. The model used the classification components together to predict the GSI severity. In correlation analyses, a Tukey adjustment for multiple tests was performed. The predictive accuracy was measured using the area under the receiver operating characteristic (ROC) curve derived from the logistic regression model. The closer the area was to 1.0, the more predictive was the classification; conversely, the closer the area was to 0.5, the less predictive was the classification [23] . All statistical analyses were performed using SAS 1 9.2 software package (SAS institute Inc, Cary, NC, USA).
Results
We were able to apply the classification by means of data obtained from the chart review in 82% of patients. The GSI was suspected to be LE in 77% of the patients (Fig. 1) , and 72% of the patients had documented retained missile fragments. In patients with LE injuries, 64% did not sustain a fracture; among the remainder of LE injuries with fractures, 30% were extraarticular and 6% intraarticular. The degree of contamination was graded as low in 93% of these LE injuries.
The internal consistency of the classification, as measured by Cronbach's alpha, was 0.69 in a setting that included all classification components. The exclusion of the contamination component increased the Cronbach's alpha of the classification to 0.78 (Table 3) . Intercomponent correlation demonstrated contamination was not associated with energy, wound, or fracture ( Table 4 ).
All components of the classification were associated with the severity of the GSI (Fig. 2) ; energy, vital structure, and contamination exhibited the strongest associations. Specifically, more patients with HE GSIs received surgical treatment than those with LE GSIs (70% versus 44%) (p \ 0.001). All patients with HE-C GSIs received surgical treatment. The mortality rate was about 10 times greater for patients with HE GSIs than for those with LE GSIs (Fig. 2A) . More patients with a vital structure injury of V-1 or higher received surgical treatment than those with V-0 (60%-79% versus 33.6%) (p \ 0.001). Patients with V-3 GSIs required an aggressive, multidisciplinary treatment approach (Fig. 2B) . Patients with W-2 or W-3 GSIs received surgical treatment more often than patients with W-1 GSIs (57%-65% versus 4%) (p = 0.001) (Fig. 2C) . Patients with EF-1, EF-2, and EF-3 injuries had higher rates of surgical intervention than patients with no fractures (F-0) (53%-83% versus 43%) (p = 0.03) (Fig. 2D) . Furthermore, the greater the GSI contamination was, the more likely the patients were to receive surgical treatment (33% for C-1 and 50% for C-2 versus 90% for C-3 GSIs) (p = 0.01) (Fig. 2E) .
The classification's overall predictive validity, as determined by the area under the ROC curve, was 0.80 ( Fig. 3 ), suggesting the classification accurately described the severity of a GSI. The positive predictive values for patients with HE, V-1 to V-3, and C-2 or C-3 GSIs to be hospitalized were 84.3%, 84.2%, and 100%, respectively. Fig. 1 A graph shows the distribution of patients with GSIs in each component of the Gugala-Lindsey civilian GSI classification system (defined in Table 1 ). Most patients sustained low-energy GSIs, did not have fractures, and had low wound contamination. patients with V-1 or higher injury received surgical treatment than those with V-0 (p \ 0.001), whereas patients with V-3 GSIs required an aggressive, multidisciplinary treatment approach (special surgery).
(C) W-2 and W-3 injuries were associated with higher rates of surgical intervention (p = 0.001). (D) EF-2, and EF-3 injuries were associated with worse outcome (higher rates of surgical intervention/ deceased) (p = 0.03). (E) C-2 and C-3 injuries were associated with higher rates of surgical intervention (p = 0.01).
Discussion
Despite the high prevalence of civilian GSIs in the United States, a universally accepted classification system to characterize GSI severity, determine subsequent treatment, and predict outcome currently does not exist. Our classification [15] attempts to address this deficiency by providing a uniform system that combines both the ballistic and clinical characteristics of a GSI. This system not only defines low-and high-energy GSIs, but it also incorporates other crucial components that determine GSI severity. Furthermore, this system universally classifies these injuries irrespective of type of firearm or the anatomic region of injury. However, the practical merits of this system have not been validated in the clinical setting. We, therefore, used retrospective clinical data from a single Level I trauma setting to determine the feasibility, reliability, and validity of this classification system. There are several limitations of the present study. First, it is retrospective review of data from consecutive patients with GSI collected from a single trauma center. Second, the study was conducted by the authors of the classification (ZG, RWL), and this can be a potential source of bias. Furthermore, a single study investigator retrieved and abstracted the chart data, which may have been subjective. Third, the study did not establish the classification's intraand interobserver agreement.
Among the essential statistical determinants of a meaningful classification system are feasibility, reliability, and validity. The feasibility defines the ability to collect data and, in our study, refers to the presence of clinical information pertinent to the GSI classification that can be retrospectively retrieved from patients' medical records. The completeness of the data retrieval in our study was 82%; that is, 216 of 264 eligible GSIs could be fully characterized retrospectively using the classification system. This suggests this classification can be realistically applied in a typical clinical setting because the information required is routinely documented in medical records, and if applied prospectively, it would not impose additional burden on the clinician.
Concerning the internal consistency of the classification, the energy, vital structures, wound, and fracture components were highly correlated; however, contamination was correlated only with vital structures. As such, the parameter of contamination lowered the classification's overall internal consistency. A Cronbach's alpha exceeding 0.70 is considered optimal, and some authors regard a value greater than 0.50 as an indicator of good internal consistency [11, 12, 22] . Our Cronbach's alpha was 0.69, which demonstrates the components of the GSI classification system are consistent and are a good measure of classifying GSIs. Although eliminating contamination as a component of the classification would increase Cronbach's alpha from 0.69 to 0.78, its clinical predictive validity justifies retaining it. The appropriateness and usefulness of the traditional Cronbach's alpha and newer coefficients (eg, coefficient omega hierarchical) have been described extensively [13, 23] . We decided to use Cronbach's alpha for two reasons. (1) According to Zinbarg et al. [25] , Cronbach's alpha is most appropriately used when the items measure a single construct. We conducted a factor analysis supporting that our classification system measures only one construct. (2) It is more acceptable and understandable for clinicians-the most likely beneficiaries of the study.
The clinical determinants of a meaningful GSI classification include comprehensiveness and its ability to describe GSI severity or predict treatment and clinical outcome. We used deceased, hospitalization versus nonadmission, and surgical versus nonsurgical treatment as proxy measures of GSI severity. Each of the classification components was associated with GSI severity.
Among the classification's components, vital structures involved and degree of contamination demonstrated particularly high predictive values in regard to surgical intervention. The overall classification system correlated well with the type of acute treatment and subsequent hospitalization. Patients with LE injury with V-0, W-1/W-2, F-0, and C-1 classifications were most likely to be treated Fig. 3 An ROC curve assesses the predictive accuracy of the Gugala-Lindsey civilian GSI classification system. The area under the ROC curve is 0.80, suggesting the classification system can accurately describe the GSI severity.
as outpatients with prophylactic antibiotic and serial wound dressings. Conversely, patients with HE injury with V-2 or V-3, W-3, EF or IF, and C-2 or C-3 classifications were most likely to be hospitalized and treated with therapeutic antibiotics and surgery. The classification's overall predictive validity, as determined by the area under the ROC curve, was 0.80, which suggests the classification system can accurately describe GSI severity.
In conclusion, our results suggest this new civilian GSI classification is statistically valid and, in the context of this retrospective analysis, higher scores using the classification were associated with proxy measures of injury severity. A prospective clinical study is necessary to confirm the utility of this classification system.
